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Abstract 

Objective: There is increasing evidence that prevention programmes for type 2 diabetes mellitus (T2DM) and obesity need 
to consider individual and regional risk factors. Our objective is to assess the independent association of area level 
deprivation with T2DM and obesity controlling for individual risk factors in a large study covering the whole of Germany. 

Methods: We combined data from two consecutive waves of the national health interview survey 'GEDA' conducted by the 
Robert Koch Institute in 2009 and 2010. Data collection was based on computer-assisted telephone interviews. After 
exclusion of participants <30 years of age and those with missing responses, we included n = 33,690 participants in our 
analyses. The outcome variables were the 12-month prevalence of known T2DM and the prevalence of obesity (BMI 
>30 kg/m 2 ). We also controlled for age, sex, BMI, smoking, sport, living with a partner and education. Area level deprivation 
of the districts was defined by the German Index of Multiple Deprivation. Logistic multilevel regression models were 
performed using the software SAS 9.2. 

Results: Of all men and women living in the most deprived areas, 8.6% had T2DM and 16.9% were obese (least deprived 
areas: 5.8% for T2DM and 13.7% for obesity). For women, higher area level deprivation and lower educational level were 
both independently associated with higher T2DM and obesity prevalence [highest area level deprivation: OR 1.28 (95% CI: 
1.05-1.55) for T2DM and OR 1.28 (95% CI: 1.10-1.49) for obesity]. For men, a similar association was only found for obesity 
[OR 1.20 (95% CI: 1.02-1.41)], but not for T2DM. 

Conclusion: Area level deprivation is an independent, important determinant of T2DM and obesity prevalence in Germany. 
Identifying and targeting specific area-based risk factors should be considered an essential public health issue relevant to 
increasing the effectiveness of diabetes and obesity prevention. 
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Introduction 

There is sound evidence that the prevalence of type 2 diabetes 
mellitus (T2DM) is strongly associated with obesity and that both 
T2DM and obesity are inversely associated with individual socio- 
economic status (SES) [1-4]. Also, results from recent studies 
indicate that higher area level deprivation is significantly 
associated with greater risk of abnormal glucose tolerance and 
higher prevalence of T2DM and obesity, independently of 
individual SES [5,6], and that moving from a more deprived to 



a less deprived neighbourhood is associated with reductions in the 
prevalence of diabetes and obesity [7]. In order to reduce the 
burden of T2DM, obesity and associated health care costs [8], it 
would therefore be plausible to target individual as well as area- 
based risk factors. 

In Germany, as in all industrialized countries, T2DM poses a 
major public health problem. According to the International 
Diabetes Federation (IDF), the prevalence of diagnosed diabetes in 
Germany is still lower than in the US, but higher than in a number 
of other European countries [9,10]. Regional differences in the 
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prevalence of T2DM within Germany have been reported 
previously in a study using data from the research consortium 
DIAB-CORE (Diabetes-Collaborative Research of Epidemiologic 
Studies) cooperating in the Competence Network for Diabetes 
mellitus ('Kompetenznetz Diabetes mellitus'), and these differences 
seem to be higher in the east than in the west [11]. Two other 
studies based on this dataset indicate that regional differences in 
T2DM prevalence can partially be explained by the degree of area 
level deprivation at a municipality level [6] and by the 
neighbourhood unemployment rate in cities [12], independendy 
of individual SES and established diabetes risk factors. Sex-specific 
differences in the associations with T2DM have been reported as 
well [6,13]. However, these results were based on five regional 
surveys conducted in different parts of Germany at different points 
in time. At the national level, variation in the prevalence of T2DM 
and obesity has been demonstrated for German districts using 
small area estimation techniques [14]. However, this previous 
study did not consider individual characteristics, except age, sex 
and household size. 

Studies from other countries are often limited as well, because 
they did not adjust for individual SES [15,16], used only a proxy 
for individual SES or did not adjust for body mass index (BMI) 
[17]. 

Against this background, the present study aimed to (1) 
determine whether area level deprivation is associated with the 
prevalence of T2DM and obesity in Germany at the national level, 
independendy of individual risk factors and (2) further explore sex- 
specific differences. 

Methods 

Study population 

The German Health Update ('Gesundheit in Deutschland 
AktuelF, GEDA) survey system consists of periodically repeated 
representative national health interview surveys. GEDA is an 
integral part of the continuous health monitoring conducted by the 
Robert Koch Institute. We used cross-sectional data from the 2009 
and 2010 GEDA survey waves, which were conducted between 
July 2008 and June 2009 (GEDA 2009) and between September 

2009 and July 2010 (GEDA 2010) using highly standardized 
computer-assisted telephone interview (CATI) techniques. The 
methods have been described in detail previously [18-20]. In brief, 
the target population comprised adults aged 18 years and older 
living in private households with a landline, who were able to 
understand and speak German. Random sampling at the 
household level is based on the Gabler-Hader method applying 
random digit dialling [21], and random selection of individuals 
was achieved by the last birthday procedure [22]. According to the 
standard definitions of the American Association for Public 
Opinion Research (AAPOR) [23], the calculated cooperation 
rates at respondent level were 51.2% for GEDA 2009 and 55.8% 
for GEDA 2010, and the response rates 3 (AAPOR) quoting the 
number of realized interviews proportional to all possible 
households were 29.1% for GEDA 2009 and 28.9% for GEDA 

2010 [24,25]. We pooled the n = 21,262 participants (women 
n = 12,1 14) in GEDA 2009 and n = 22,050 participants in GEDA 
2010 (women n = 12,483), which resulted in a combined dataset of 
n = 43,3 12 participants (women n = 24,597). 

We intended to target T2DM but the assessment of diabetes in 
the GEDA surveys allows no distinction between different types of 
diabetes. T2DM accounts for about 90-95% of all diabetes cases 
[26] and is relatively rare in younger age groups. For the present 
analysis, we therefore excluded n= 7,620 participants below the 
age of 30 years. In our sample, the diabetes prevalence in the age 



Table 1. Distribution of individual level and area level 
characteristics in the pooled GEDA sample (2009 and 2010). 





Men 


Women 


Total 


Participants (n) 


14,402 


1 9,288 


33,690 


T2DM a (%) 


7.7 


6.1 


6.8 


Obesity b (%) 


16.4 


14.2 


15.2 


Independent variables (%) 


Age (years) 


30-49 


46.8 


47.7 


47.3 


50-64 


29.6 


30.2 


29.9 


>65 


23.6 


22.2 


22.8 


BMI (kg/m 2 ) 


<25 


36.6 


56.3 


47.9 


25-<30 


47.0 


29.5 


37.0 


>30 


16.4 


14.2 


15.2 


Smoking status 


never smoker 


35.6 


50.2 


44.0 


ex-smoker 


34.8 


24.9 


29.1 


current smoker 


29.6 


24.9 


26.9 


Sport activity 


>4 h/week 


24.4 


19.2 


21.4 


up to 4 h/week 


41.2 


49.5 


46.0 


no sport activity 


34.4 


31.3 


32.6 


Partner 


living with a partner 


74.3 


65.9 


69.5 


living without a partner 


25.7 


34.1 


30.5 


Educational level 


high level 


46.9 


38.4 


42.0 


medium level 


25.1 


34.6 


30.5 


low level 


28.0 


27.1 


27.5 


GIMD quintiles (Q) 


Q1 ( = least deprived) 


24.0 


23.6 


23.8 


Q2 


21.9 


21.6 


21.8 


Q3 


19.4 


19.3 


19.4 


Q4 


16.6 


17.3 


17.0 


Q5 ( = most deprived) 


18.1 


18.2 


18.1 



a Crude 12-month prevalence of type 2 diabetes; b crude prevalence of obesity 
(BMI >30 kg/m 2 ). 

doi:1 0.1 371 /journal.pone.0089661 .t001 



group 18-29 years was less than 1% (n = 62, 0.8%). We also 
excluded n = 2,002 participants because of missing information on 
diabetes, BMI, the district of residence, educational level, lifestyle 
(smoking status, sport activity) and living with a partner. Thus, the 
final study included n= 33,690 people (14,402 men and 19,288 
women). 

Ethics Statement 

As the participation in the National Health Telephone 
Interview Surveys is voluntary, not arising any costs for survey 
participants, and because the study has no medical relevance for 
individual survey participants (no medical research involving 
human subjects is being conducted) an ethics approval was not 
compulsory. In terms of data protection and informed consent the 
study was approved by The Federal Commissioner for Data 
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Table 2. Prevalence of type 2 diabetes and obesity by individual level and area level characteristics in the pooled GEDA sample 
(2009 and 2010). 







T2DM" 






Obesity b 








Men 


Women 


Total 


Men 


Women 


Total 


Participants (n) 


14,402 


19,288 


33,690 


14,402 


1 9,288 


33,690 


Independent variables (%) 


Age (years) 


30-49 


1.8 


1.7 


1.8 


13.5 


10.5 


11.8 


50-64 


9.6 


6.7 


7.9 


20.8 


17.4 


18.8 


>65 


17.2 


14.6 


15.8 


16.8 


18.0 


17.5 




P<0.0001 


P<0.0001 


P<0.0001 


P-C0.0001 


P<0.0001 


P-C0.0001 


BMI (kg/m 2 ) 


<25 


3.3 


2.3 


2.7 








25-<30 


7.3 


6.9 


7.2 








>30 


18.7 


19.1 


18.9 










P-C0.0001 


P<0.0001 


P<0.0001 








Smoking status 


never smoker 


6.2 


6.9 


6.6 


13.8 


14.9 


14.5 


ex-smoker 


11.7 


6.4 


9.1 


21.0 


16.0 


18.6 


current smoker 


4.9 


4.1 


4.5 


14.1 


11.2 


12.6 




P-C0.0001 


P<0.0001 


P<0.0001 


P<0.0001 


P<0.0001 


P-C0.0001 


Sport activity 


>4 h/week 


6.1 


4.2 


5.1 


11.2 


9.3 


10.2 


up to 4 h/week 


5.6 


4.0 


4.7 


14.1 


12.1 


12.9 


no sport activity 


11.5 


10.4 


10.9 


22.8 


20.7 


21.7 




P-C0.0001 


P<0.0001 


P<0.0001 


P-C0.0001 


P<0.0001 


P-C0.0001 


Partner 


living with a partner 


7.5 


4.6 


5.9 


16.4 


13.2 


14.7 


living without a partner 


8.4 


9.0 


8.8 


16.4 


16.3 


16.3 




P = 0.109 


P<0.0001 


P<0.0001 


P = 0.969 


P<0.0001 


P-C0.0001 


Educational level 


high level 


5.6 


2.9 


4.2 


11.8 


8.6 


10.1 


medium level 


6.7 


4.4 


5.2 


17.6 


13.4 


14.9 


low level 


12.3 


12.6 


12.5 


23.1 


23.4 


23.3 




P<0.0001 


P<0.0001 


P<0.0001 


P-C0.0001 


P<0.0001 


P-C0.0001 


GIMD quintiles (Q) 


Q1 ( = least deprived) 


6.9 


4.9 


5.8 


14.9 


12.7 


13.7 


Q2 


6.9 


5.4 


6.0 


15.5 


13.5 


14.4 


Q3 


8.2 


5.8 


6.8 


17.9 


14.1 


15.7 


Q4 


8.1 


6.5 


7.2 


16.8 


15.2 


15.9 


Q5 ( = most deprived) 


9.1 


8.3 


8.6 


17.7 


16.4 


16.9 




P = 0.008 


P<0.0001 


P<0.0001 


P = 0.004 


P<0.0001 


P-C0.0001 



a Crude 12-month prevalence of type 2 diabetes; 

P values: Chi-square test. 

doi:1 0.1 371 /journal.pone.0089661 .t002 



crude prevalence of obesity (BMI >30 kg/m ). 



Protection and Freedom of Information. Verbal informed consent 
was provided by all participants prior to the interview. 

Individual level variables 

Information regarding individual data is based on self-report as 
collected by CATI. For the present analysis, we included 
information on sex and chronological age, history of known 



diabetes mellitus, BMI, smoking status, sport activity, living with a 
partner and educational level. 

Study participants were asked whether they had ever been 
diagnosed with diabetes by a physician (lifetime diagnosis) and, if 
yes, whether they had also been suffering from diabetes in the past 
12 months. We defined the dependent variable '12-month 
prevalence of diabetes' as a positive answer to both questions, 
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Table 3. Associations between type 2 diabetes, area level deprivation and individual level variables for 
(n = 33,690). 


men and women 




Men and women 


Variables 


Crude 


Model 1 Model 2 


Model 3 




OR (95% CI) 


OR (95% CI) OR (95% CI) 


OR (95% CI) 


Sex (*women) 


men 


1.30 (1.20-1.42) 


1.29 (1.18-1.40) 1.32(1.20-1.45) 


1.19 (1.08-1.31) 


Age (*30-49 years) 


50-64 


4.80 (4.18-5.52) 


4.78(4.16-5.49) 4.06 (3.52-4.67) 


3.67 (3.18-4.23) 


>65 


10.48 (9.17-11.98) 


10.31 (9.02-11.79) 7.16(6.21-8.25) 


7.30 (6.32-8.43) 


BMI (*<25 kg/m 2 ) 


25-<30 


2.81 (2.50-3.16) 




2.09 (1.85-2.36) 


>30 


8.54 (7.58-9.61) 




5.96 (5.26-6.76) 


Smoking status (*never smoker) 


ex-smoker 


1.42 (1.29-1.56) 


1.31 (1.18-1.45) 


1.24 (1.12-1.38) 


current smoker 


0.66 (0.59-0.75) 


0.81 (0.72-0.93) 


0.96 (0.84-1.09) 


Sport activity (*>4 h/week) 


up to 4 h/week 


0.90 (0.79-1.03) 


1.04(0.91-1.18) 


0.93 (0.81-1.06) 


no sport activity 


2.26 (2.00-2.55) 


1.92(1.70-2.18) 


1.52 (1.34-1.73) 


Partner (*living with a partner) 


living without a partner 


1.53 (1.40-1.67) 


1.29(1.17-1.41) 


1.30 (1.18-1.43) 


Educational level (*high level) 


medium level 


1.25 (1.10-1.40) 


1.25(1.11-1.42) 


1.14 (1.00-1.29) 


low level 


3.29 (2.96-3.64) 


1.89(1.70-2.11) 


1.49 (1.33-1.67) 


GIMD quintiles (*Q1 = least deprived) 


Q2 


1.05 (0.91-1.21) 


1 .05 (0.91-1 .21 ) 1 .00 (0.87-1 .15) 


0.99 (0.86-1.15) 


Q3 


1.18 (1.02-1.37) 


1.19 (1.03-1.37) 1.11 (0.97-1.28) 


1.08 (0.94-1.25) 


Q4 


1.27 (1.10-1.48) 


1.21(1.04-1.40) 1.14(0.99-1.32) 


1.08 (0.93-1.25) 


Q5 ( = most deprived) 


1.59 (1.37-1.84) 


1.37(1.19-1.58) 1.26(1.10-1.45) 


1.18 (1.03-1.35) 


Variances 


Va (SE) 




0.011 (0.011) 0 


0 


MOP, 




1.11 1.00 


1.00 



*: Reference group; OR (odds ratios); 95% CI (95% confidence intervals); bold type = significant. 
V A (area level variance); SE (standard error); MOR (median odds ratio). 
Model 0: crude OR (95% CI), unadjusted odds ratios with their 95% confidence intervals 
Model 1: area level deprivation, adjusted for sex and age 

Model 2: additionally adjusted for educational level, lifestyle covariates (excl. BMI) and partner 
Model 3: additionally adjusted for BMI 
doi:1 0.1 371 /journal.pone.0089661 .t003 



which we used in order to reduce misclassification bias due to 
under- or overreporting. T2DM was defined by restricting the 
dataset as described above. Obesity was defined as a BMI >30 kg/ 
m 2 , based on self-reported weight and height [27]. 

In order to control for potential confounding, the following 
covariates were included in our analysis: sex, age (three categories: 
30-49, 50-64 and £65 years), BMI (three categories: <25 kg/m 2 , 
25 to <30 kg/m 2 and &30 kg/m 2 ), sport activity (measured by 
hours of sport activity, three categories: no sport activity, up to 
4 hours/week, more than 4 hours/week) [28] and smoking status 
(three categories: never smoker, ex-smoker and current smoker) 
[29]. Potential social support from a partner could have strong 
associations with the prevalence of T2DM [30], so we also 
adjusted for living with a partner (two categories: living with a 
partner, living without a partner). 



Individual SES was defined by educational level [3,4]. The 
participants were asked for their highest level of school qualifica- 
tion obtained. We classified educational level as a variable with 
three categories contrasting low, medium and high levels. 
According to the German school system, low educational level 
includes participants with up to 9 years of schooling or having left 
school without having obtained any formal qualifications. Medium 
educational level is equivalent to 10 years of schooling and high 
educational level to 12 or 13 years of schooling, which is required 
to enter university. 

Area level deprivation 

Area level deprivation was assessed by the German Index of 
Multiple Deprivation (GIMD), a recentiy introduced area-based 
deprivation measure that has not yet been applied to the GEDA 
dataset. The GIMD has been established based on the method 
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Table 4. Associations between obesity, area 


level deprivation 


and individual level variables for 


men and women (n = 33,690). 




Men and women 


Variables 


Crude 


Model 1 


Model 2 




OR (95% CI) 


OR (95% CI) 


OR (95% CI) 


Sex (*women) 


men 


1.18 (1.12-1.26) 


1.18 (1.11-1.26) 


1.22 (1.14-1.30) 


Age (*30-49 years) 


50-64 


1.74 (1.62-1.86) 


1.73 (1.61-1.86) 


1.44 (1.34-1.55) 


2:65 


1.60 (1.48-1.72) 


1.58 (1.46-1.70) 


1.03 (0.95-1.12) 


Smoking status (*never smoker) 


ex-smoker 


1.35 (1.26-1.45) 




1.27 (1.18-1.36) 


current smoker 


0.85 (0.78-0.92) 




0.71 (0.65-0.77) 


Sport activity (*>4 h/week) 


up to 4 h/week 


1.30 (1.18-1.42) 




1.37 (1.25-1.50) 


no sport activity 


2.42 (2.21-2.64) 




2.24 (2.05-2.46) 


Partner (living with a partner) 


living without a partner 


1.16 (1.08-1.23) 




1.15 (1.07-1.23) 


Educational level (*high level) 


medium level 


1.54 (1.42-1.66) 




1.53 (1.41-1.66) 


low level 


2.67 (2.48-2.88) 




2.33 (2.16-2.53) 


GIMD quintiles (*Q1 = least deprived) 


Q2 


1.07 (0.95-1.20) 


1.06 (0.94-1.19) 


1.03 (0.92-1.15) 


Q3 


1.19 (1.06-1.34) 


1.19 (1.06-1.34) 


1.14 (1.02-1.27) 


Q4 


1.21 (1.07-1.37) 


1.20 (1.06-1.35) 


1.17 (1.04-1.32) 


Q5 ( = most deprived) 


1.38 (1.23-1.56) 


1.33 (1.18-1.50) 


1.27 (1.12-1.42) 


Variances 


V A (SE) 




0.043 (0.010) 


0.031 (0.009) 


MOP, 




1.22 


1.18 



*: Reference group; OR (odds ratios); 95% CI (95% confidence intervals); bold type = significant. 
V A (area level variance); SE (standard error); MOR (median odds ratio). 
Model 0: crude OR (95% CI), unadjusted odds ratios with their 95% confidence intervals 
Model 1: area level deprivation, adjusted for sex and age 

Model 2: additionally adjusted for educational level, lifestyle covariates and partner 
doi:1 0.1 371 /journal.pone.0089661 .t004 



used in the UK [31] and adapted to the German context [32], 
including seven domains of deprivation (i.e. income, employment, 
education, municipal or district revenue, social capital, environ- 
ment, security). The GIMD already showed significant associations 
with T2DM, reported in a previous study confined to five regional 
surveys [6], and with other health-related outcomes [33,34]. For the 
present study, we calculated the GIMD scores for all urban and 
rural districts covering the whole of Germany. The population size 
of urban and rural districts ranges from about 35,000 up to more 
than one million inhabitants (e.g. cities such as Hamburg or Berlin). 
We assigned the districts to deprivation quintiles, with quintile 1 
including the least deprived and quintile 5 the most deprived 
districts. Information on the deprivation status of the district of 
residence was assigned to each study participant. Overall, 412 
districts were included in our analyses. For reasons of data 
protection, the analyses are based on anonymized individual level 
data and districts were pseudonymized, excluding identification and 
localization of the respective districts. 



Statistical analysis 

We carried out univariate and bivariate analyses calculating chi- 
square statistics and Cochran-Armitage tests for trend. Then we 
performed logistic multilevel regression models and fitted two-level 
binomial logit-link models (level 1: individuals; level 2: districts) 
with random intercept, calculating first crude odds ratios (ORs) 
with their 95% confidence intervals (95% CIs). We tested for 
associations between district deprivation and the prevalence of 
T2DM (12-month prevalence) and obesity in subsequent models, 
controlling for potential confounding or effect modification. Sex- 
specific results were obtained by stratified analysis. Finally, we 
report ORs with their 95 % CIs and area level variances (V a) with 
their standard errors (SE). In order to quantify the relevance of 
area level variation, we also calculated the median odds ratios 
(MORs), which can be calculated as a simple function of the area 
level variance V A [35]: MOR = exp [ v '(2 x V A ) x 0.6745]. 

All analyses were performed as complete case analysis using the 
software SAS 9.2 (SAS Institute Inc., Cary, NC, USA). The 
logistic multilevel models were estimated with the SAS procedure 
GLIMMIX, using a maximum likelihood estimation based on 
Laplace approximation. 
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Table 5. Associations between type 2 diabetes, area level deprivation and individual level variables for men (n = 14,402). 





Men 


Variables 


Crude 


Model 1 


Model 2 


Model 3 




OR (95% CI) 


OR (95% CI) 


OR (95% CI) 


OR (95% CI) 


Age (*30-49 years) 


50-64 


5.77 (4.69-7.10) 


5.77 (4.69-7.09) 


5.02 (4.07-6.19) 


4.65 (3.77-5.75) 


>65 


11.39 (9.32-13.92) 


11.34 (9.28-13.86) 


8.87 (7.19-10.95) 


9.42 (7.61-11.66) 


BMI (*<25 kg/m 2 ) 


25-<30 


2.29 (1.92-2.74) 






1.90 (1.59-2.28) 


>30 


6.65 (5.54-7.98) 






5.19 (4.28-6.30) 


Smoking status (*never smoker) 


ex-smoker 


1.99 (1.73-2.29) 




1.48 (1.28-1.72) 


1.35 (1.16-1.57) 


current smoker 


0.78 (0.65-0.93) 




0.89 (0.74-1 .08) 


0.98 (0.81-1.19) 


Sport activity (*>4 h/week) 


up to 4 h/week 


0.93 (0.78-1.10) 




1.06 (0.89-1.27) 


0.98 (0.81-1.17) 


no sport activity 


2.00 (1.70-2.36) 




1.71 (1.44-2.03) 


1.42 (1.19-1.69) 


Partner ("living with a partner) 


living without a partner 


1.12 (0.98-1.28) 




1.24 (1.08-1.44) 


1.28 (1.11-1.49) 


Educational level (*high level) 


medium level 


1.22 (1.03-1.44) 




1.33 (1.12-1.58) 


1.23 (1.03-1.46) 


low level 


2.40 (2.08-2.76) 




1.53 (1.32-1.77) 


1.31 (1.12-1.52) 


GIMD quintiles (*Q1 = least deprived) 


Q2 


1.00 (0.82-1.20) 


0.98 (0.80-1.19) 


0.93 (0.77-1.14) 


0.92 (0.76-1.13) 


Q3 


1.20 (0.99-1.45) 


1.21 (1.00-1.47) 


1.13 (0.93-1.38) 


1.07 (0.88-1.31) 


Q4 


1.18 (0.97-1.43) 


1.16 (0.95-1.42) 


1.10 (0.90-1.36) 


1.04 (0.85-1.29) 


Q5 ( = most deprived) 


1.34 (1.11-1.61) 


1.19 (0.98-1.44) 


1.12 (0.92-1.36) 


1.07 (0.88-1.30) 


Variances 


Va (SE) 




0 


0 


0 


MOP, 




1.00 


1.00 


1.00 



*: Reference group; OR (odds ratios); 95% CI (95% confidence intervals); bold type = significant. 
V A (area level variance); SE (standard error); MOR (median odds ratio). 
Model 0: crude OR (95% CI), unadjusted odds ratios with their 95% confidence intervals 
Model 1: area level deprivation, adjusted for age 

Model 2: additionally adjusted for educational level, lifestyle covariates (excl. BMI) and partner 
Model 3: additionally adjusted for BMI 
doi:1 0.1 371 /joumal.pone.0089661 .t005 



Results 

Table 1 shows the distribution of the individual level and area 
level characteristics in our combined final sample of n = 33,690 
participants (women n= 19,288). Table 2 presents the prevalence 
of T2DM and obesity by individual and area level characteristics. 
The participants were distributed across all districts of Germany 
(n = 412). The most deprived districts were mainly found in the 
east of Germany, but also in some western areas (e.g. the Ruhr 
area), whereas the least deprived districts were mainly found in the 
south and south-west, but also in the north-west of the country 
(data not shown). The overall 12-month prevalence (referred to as 
prevalence in the following) of T2DM and the prevalence of 
obesity remained virtually unchanged between 2009 and 2010 
(T2DM: 6.8% in 2009 and 6.7% in 2010; obesity: 15.0% in 2009 
and 15.4% in 2010). Chi-square tests mainly showed highly 
significant associations between the dependent variables (T2DM 
and obesity) and all independent variables (see Table 2). Also, 
there is a stepwise increase in the prevalence of T2DM and obesity 



with increasing area deprivation for women. Cochran-Armitage 
tests displayed highly significant trends (p<0.0001, two-sided) 
between T2DM and obesity, on the one hand, and educational 
level or area level deprivation, on the other. 

Models for both men and women combined (Tables 3 and 4) 
showed significant associations between the prevalence of T2DM 
and obesity, on the one hand, and area level deprivation, on the 
other, independent of individual educational level. Comparing the 
most deprived quintile 5 with the least deprived quintile 1, 
estimates remained statistically significant for T2DM [OR 1.18 
(95% CI: 1.03-1.35)] and for obesity [OR 1.27 (95% CI: 1.12- 
1.42)] in the fully adjusted models. It is important to point out that 
most ORs clearly increased with increasing area level deprivation. 
Additional modelling with age as a continuous variable showed 
almost identical results for area level deprivation. Tests for linear 
trend in the full models for men and women combined showed 
significant P values (T2DM: P = 0.0094; obesity: P<0.0001). Low 
educational level was significantly associated with increased 
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Table 6. Associations between type 2 diabetes, area level deprivation and individual level variables for women (n = 19,288). 





Women 


Variables 


Crude 


Model 1 


Model 2 


Model 3 




OR (95% CI) 


OR (95% CI) 


OR (95% CI) 


OR (95% CI) 


Age (*30-49 years) 


50-64 


4.09 (3.39-4.94) 


4.05 (3.36-4.89) 


3.27 (2.69-3.96) 


2.88 (2.37-3.50) 


>65 


9.76 (8.16-11.67) 


9.53 (7.96-11.40) 


5.50 (4.51-6.71) 


5.45 (4.45-6.67) 


BMI (*<25 kg/m 2 ) 


25-<30 


3.10 (2.64-3.65) 






2.19 (1.85-2.58) 


>30 


9.89 (8.45-11.58) 






6.44 (5.45-7.61) 


Smoking status (*never smoker) 


ex-smoker 


0.95 (0.82-1.09) 




1.18 (1.02-1.37) 


1.14 (0.98-1.33) 


current smoker 


0.59 (0.50-0.69) 




0.77 (0.65-0.92) 


0.95 (0.80-1.14) 


Sport activity (*>4 h/week) 


up to 4 h/week 


0.96 (0.79-1.16) 




1.04 (0.86-1.26) 


0.91 (0.75-1.11) 


no sport activity 


2.64 (2.20-3.16) 




2.17 (1.80-2.61) 


1.64 (1.36-1.99) 


Partner ("living with a partner) 


living without a partner 


2.07 (1.84-2.34) 




1.33 (1.17-1.52) 


1.34 (1.17-1.53) 


Educational level (*high level) 


medium level 


1.51 (1.26-1.81) 




1.31 (1.09-1.57) 


1.14 (0.95-1.38) 


low level 


4.80 (4.09-5.62) 




2.44 (2.06-2.89) 


1.77 (1.49-2.10) 


GIMD quintiles (*Q1 = least deprived) 


Q2 


1.10 (0.90-1.35) 


1.12 (0.91-1.37) 


1.09 (0.89-1.33) 


1.08 (0.88-1.32) 


Q3 


1.19 (0.97-1.45) 


1.17 (0.95-1.44) 


1.10 (0.90-1.35) 


1.11 (0.90-1.36) 


Q4 


1.37 (1.12-1.68) 


1.26 (1.03-1.55) 


1.17 (0.96-1.43) 


1.12 (0.91-1.38) 


Q5 ( = most deprived) 


1.82 (1.49-2.21) 


1.54 (1.27-1.89) 


1.39 (1.14-1.69) 


1.28 (1.05-1.55) 


Variances 


Va (SE) 




0.022 (0.021) 


0.004 (0.021) 


0 


MOP, 




1.15 


1.06 


1.00 



*: Reference group; OR (odds ratios); 95% CI (95% confidence intervals); bold type = significant. 
V A (area level variance); SE (standard error); MOR (median odds ratio). 
Model 0: crude OR (95% CI), unadjusted odds ratios with their 95% confidence intervals 
Model 1: area level deprivation, adjusted for age 

Model 2: additionally adjusted for educational level, lifestyle covariates (excl. BMI) and partner 
Model 3: additionally adjusted for BMI 
doi:1 0.1 371 /joumal.pone.0089661 .t006 



prevalence of T2DM, and the same applies to overweight (BMI 
>25 and <30 kg/m z ) and obesity (BMI >30 kg/m 2 ). 

Separate analyses revealed important differences between men 
and women for the prevalence of T2DM (Tables 5 and 6). A 
significant association with area level deprivation could be seen 
only for women: in the most deprived districts, their risk of having 
T2DM was clearly higher compared with those in the least 
deprived districts, even after controlling for individual educational 
level [OR 1.28 (95% CI: 1.05-1.55)]. Educational level showed a 
clear stepwise increase in the risk of having T2DM, but was about 
2.5-fold higher for female participants with low educational level 
than for male participants (OR 1.77 vs. OR 1.31). 

In contrast, the stratified analyses for obesity (Tables 7 and 8) 
showed similar results for both men and women in the most 
deprived districts: the risk of being obese was clearly higher than in 
the least deprived districts, even after controlling for individual 
educational level [OR 1.20 (95% CI: 1.02-1.41) for men and OR 
1.28 (95% CI: 1.10-1.49) for women]. 



Differences between area variances (Va, MOR) were generally 
low in the T2DM models. In the obesity models, there was a larger 
variation between districts, but this was quite similar for men and 
women (Tables 3 to 8). 

Discussion 

Our objective was to evaluate the relationship between area 
level deprivation and the prevalence of T2DM and obesity, 
looking also at the role of educational level and potential 
differences between men and women. Our findings suggest that 
living in very deprived districts and having a low educational level 
are both independendy associated with a higher prevalence of 
T2DM and a higher prevalence of obesity. The increased 
prevalence of obesity in these highly deprived areas applies to 
both men and women, but the increased prevalence of T2DM in 
the most deprived districts is confined to women. Also, the 
increased prevalence of T2DM and obesity associated with low 
educational level is stronger for women than for men. Concerning 
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Table 7. Associations between obesity, area level deprivation and individual level variables for men (n = 14,402). 





Men 


Variables 


Crude 


Model 1 


Model 2 




OR (95% CI) 


OR (95% CI) 


OR (95% CI) 


Age (*30-49 years) 


50-64 


1.68 (1.52-1.87) 


1.68 (1.52-1.86) 


1.41 (1.27-1.57) 


2:65 


1.31 (1.16-1.46) 


1.30 (1.16-1.46) 


0.93 (0.82-1.06) 


Smoking status (*never smoker) 


ex-smoker 


1.66 (1.50-1.84) 




1.49 (1.34-1.66) 


current smoker 


1.02 (0.91-1.15) 




0.84 (0.74-0.95) 


Sport activity (*>4 h/week) 


up to 4 h/week 


1.30 (1.14-1.48) 




1.33 (1.17-1.51) 


no sport activity 


2.33 (2.06-2.64) 




2.14 (1.88-2.43) 


Partner (*living with a partner) 


living without a partner 


1.02 (0.92-1.13) 




1.06 (0.95-1.18) 


Educational level (*high level) 


medium level 


1.57 (1.40-1.76) 




1.51 (1.34-1.70) 


low level 


2.22 (2.00-2.46) 




1.90 (1.70-2.12) 


GIMD quintiles (*Q1 = least deprived) 


Q2 


1.05 (0.90-1.23) 


1.04 (0.89-1.22) 


0.99 (0.86-1.15) 


Q3 


1.24 (1.06-1.46) 


1.25 (1.06-1.46) 


1.18 (1.01-1.37) 


Q4 


1.15 (0.98-1.36) 


1.15 (0.97-1.36) 


1.12 (0.96-1.32) 


Q5 ( = most deprived) 


1.31 (1.11-1.55) 


1.28 (1.08-1.51) 


1.20 (1.02-1.41) 


Variances 


V A (SE) 




0.049 (0.017) 


0.025 (0.015) 


MOP, 




1.24 


1.16 



*: Reference group; OR (odds ratios); 95% CI (95% confidence intervals); bold type = significant. 
V A (area level variance); SE (standard error); MOR (median odds ratio). 
Model 0: crude OR (95% CI), unadjusted odds ratios with their 95% confidence intervals 
Model 1: area level deprivation, adjusted for age 

Model 2: additionally adjusted for educational level, lifestyle covariates and partner 
doi:1 0.1 371 /journal.pone.0089661 .t007 



models with the dependent variable T2DM, it is important to note 
that controlling for BMI (like other covariates, e.g. smoking) may 
lead to potential overadjustment, and BMI could act as an 
important intermediate factor between area level deprivation and 
T2DM [36]. Models not including BMI should therefore be 
considered as well. Concerning the higher prevalence of T2DM 
and obesity for ex-smokers compared with current smokers, it 
should be noted that smoking cessation can result in weight gain 
and lead to higher diabetes risk [37]. Also, chronic conditions may 
generally lead to enforced smoking cessation and heavy smoking to 
premature mortality. 

Our findings are in good agreement with results reported from 
other countries. In the Diabetes Study of Northern California 
(DISTANCE), Laraia et al. [38] found that higher levels of 
neighbourhood deprivation were positively associated with 
cardiometabolic risk factors such as BMI, suggesting an association 
between deprivation and individual health outcomes. Based on 
data from Scotland, Wild and colleagues [39] stated that the 
burden of diabetes and the prevalence of obesity were higher in 
more deprived populations and that deprivation was associated 
with failure to reach cholesterol targets in secondary prevention. In 
the Australian Diabetes, Obesity and Lifestyle (AusDiab) study, 
Williams et al. [5] showed that area deprivation predicted the 
development of abnormal glucose metabolism (AGM). Bocquier 



et al. [1 7] reported a positive association between area deprivation 
and treated diabetes in south-eastern France, drawing attention to 
the localization of priority areas for diabetes prevention and the 
necessity of explaining the mechanisms behind the association 
between area level deprivation and diabetes. Only a few of these 
results were adjusted for individual SES, such as education [5,40]. 

In our analyses, controlling for individual educational level 
seems to have little influence on the effect of area level deprivation. 
This indicates that individual SES and area level deprivation may 
act through different pathways [41]. Whereas individual SES may 
have a more direct influence on health (e.g. by providing 
individual resources for a healthier lifestyle), area level deprivation 
may act through a network of collective infrastructural resources 
such as potential access to places for physical exercise [2] or 
concepts such as the walkability of an area. Unequally distributed 
area-specific resources concerning the physical and built environ- 
ment (e.g. the availability of green space, walking and cycling 
lanes), the social environment (e.g. availability of sport clubs, self- 
perceived neighbourhood safety) and health care (e.g. physician 
density) may contribute to inequalities in diabetes and obesity 
prevalence [42]. All these factors should be considered as they 
could contribute to an 'obesogenic environment' [43]. Disentan- 
gling area effects and identifying those with the strongest impact 
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Table 8. Associations between obesity, area 


level deprivation 


and individual level variables for women (n = 19,288). 




Women 


Variables 


Crude 


Model 1 


Model 2 




OR (95% CI) 


OR (95% CI) 


OR (95% CI) 


Age (*30-49 years) 


50-64 


1.79 (1.63-1.97) 


1.78 (1.62-1.96) 


1.43 (1.30-1.59) 


>65 


1.87 (1.69-2.08) 


1.85 (1.67-2.05) 


1.05 (0.93-1.18) 


Smoking status (*never smoker} 


ex-smoker 


1.10 (1.00-1.21) 




1.16 (1.05-1.28) 


current smoker 


0.72 (0.65-0.81) 




0.64 (0.57-0.72) 


Sport activity (*>4 h/week) 


up to 4 h/week 


1.34 (1.18-1.52) 




1.41 (1.24-1.60) 


no sport activity 


2.55 (2.25-2.90) 




2.37 (2.08-2.70) 


Partner pliving with a partner) 


living without a partner 


1.30 (1.19-1.41) 




1.18 (1.08-1.29) 


Educational level ('high level) 


medium level 


1.65 (1.48-1.84) 




1.61 (1.44-1.80) 


low level 


3.26 (2.93-3.62) 




2.82 (2.52-3.16) 


GIMD quintiles (*Q1 = least deprived) 


Q2 


1.08 (0.93-1.25) 


1.08 (0.93-1.25) 


1.06 (0.92-1.22) 


Q3 


1.13 (0.98-1.32) 


1.13 (0.97-1.31) 


1.09 (0.94-1.27) 


Q4 


1.25 (1.08-1.46) 


1.22 (1.05-1.42) 


1.20 (1.03-1.39) 


Q5 ( = most deprived) 


1.43 (1.22-1.66) 


1.35 (1.16-1.57) 


1.28 (1.10-1.49) 


Variances 


V A (SE) 




0.045 (0.015) 


0.034 (0.015) 


MOR 




1.22 


1.19 



*: Reference group; OR (odds ratios); 95% CI (95% confidence intervals); bold type = significant. 
V A (area level variance); SE (standard error); MOR (median odds ratio). 
Model 0: crude OR (95% CI), unadjusted odds ratios with their 95% confidence intervals 
Model 1: area level deprivation, adjusted for age 

Model 2: additionally adjusted for educational level, lifestyle covariates and partner 
doi:1 0.1 371 /journal.pone.0089661 .t008 



on health is still a major challenge, but it is crucial in order to find 
the starting points for future area-specific preventive measures. 

However, the role of individual educational level should not be 
neglected. Having a low educational level may lead to low health 
literacy. This could result, for instance, in less benefit from 
diabetes disease management programmes [44] caused by a 
poorer understanding of health care instructions. It has often been 
demonstrated that the risk of T2DM is inversely related to 
educational level. This can only be partially explained by BMI, as 
shown, for example, in the EPIC-Interact study covering eight 
western European countries [3]. Also, it is well known that 
education influences obesity [45] and, following Sobal and 
Stunkard [46], that increasing SES is associated with decreasing 
obesity prevalence among women in developed societies. Thus, 
there is a need to focus preventive measures on both low SES 
population groups and highly deprived regions. 

Our results show that the effects of individual SES and area 
level deprivation are more pronounced among women than 
among men. Kavanagh et al. [47] demonstrated that lower 
education and lower income were associated with higher 
biomarker levels of diabetes and cardiovascular disease as well as 
higher waist circumferences in women. Tang et al. [48] reported 
significant adjusted ORs for income and education in the 
association with self-reported diabetes for women. Roskam et al. 



[4] reported higher educational inequalities in obesity among 
women using health survey data from 19 European countries. 
Maier et al. [6] showed that the prevalence of T2DM in five 
German study regions was associated with area level deprivation at 
a municipality level in Germany, revealing slightly higher effects of 
individual SES and of area level deprivation among women than 
among men. Looking at the association between inner-city 
neighbourhood unemployment rates and the prevalence of 
T2DM in these five study regions, Miiller et al. [13] also showed 
that the prevalence of T2DM was higher for women than for men 
with low SES but, in contrast, higher for men with a high 
neighbourhood unemployment rate compared with women. 
However, using the unemployment rate alone as an indicator for 
neighbourhood deprivation may lead to a potential gender bias. 

Fano et al. [49] demonstrated that diabetes prevalence and area 
deprivation are direcdy related, particularly for women. However, 
sex differentials in diabetes diagnosis between men and women 
might be a possible explanation for stronger associations in women 
compared with men. Matheson et al. [50] have also shown that 
women living in the most deprived areas have a higher BMI than 
women living in the most affluent ones. 
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Limitations and strengths 

Some limitations of our study have to be taken into account. 
The potential for non-response bias has to be considered. Low 
educational level and diabetes have both been associated with 
non-response [51]. Study participation could also vary according 
to area level deprivation [52]. We assume that non-response could 
lead to underestimation of our results. All our variables, in 
particular diabetes and obesity prevalence, are self-reported and 
not validated, for example by medication or anthropometric 
measurements. This could lead to potential problems of misclas- 
sification [53]. There is evidence from previous studies that self- 
reported T2DM leads to very similar associations with SES as 
validated information on T2DM prevalence [54]. However, self- 
reported BMI tends to be underestimated, especially in the case of 
higher BMI values [55], which might have diluted the observed 
associations. 

Education is well accepted as being a good indicator of 
individual SES. For example, a study conducted in nine European 
countries demonstrated that the relationship between overweight 
and low education is stronger and more consistent than for other 
SES variables such as household income [56]. However, in 
additional analyses (data not shown), we replaced education with 
household income. We found a very similar picture, for example a 
significandy increased OR for women in quintile 5 looking at the 
prevalence of T2DM (OR 1.21; 95% CI: 1.00-1.47). 

Also, our analyses are based on districts. These administrative 
units vary considerably in area and population size. Therefore, the 
classification of individuals by area level deprivation may be more 
sensitive in smaller districts than in larger ones. Moreover, when 
assessing the association between area deprivation and health, the 
influence of the modifiable area! unit problem (MAUP) depends 
on the size of spatial units: using smaller areas (e.g. municipalities 
instead of districts) may provide even more significant results [57]. 
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Finally, the cross-sectional design of the dataset does not allow 
any causal interpretation of our findings. 

Some important strengths of our study should be pointed out. 
We used an extensive database, based on a large representative 
nationwide dataset including individual data from two consecutive 
national health interview surveys conducted across the whole of 
Germany. This is an excellent resource for studying regional 
differences in the prevalence of T2DM and obesity. Using an 
established area-based deprivation measure for Germany, we were 
able to quantify the effect of area deprivation on the prevalence of 
T2DM and obesity controlling for individual educational level. To 
our knowledge, this is the first study looking at the association of 
area level deprivation, T2DM and obesity covering the whole of 
Germany at a district level. 

Conclusion 

In Germany, higher area level deprivation is associated with a 
higher prevalence of type 2 diabetes mellitus and obesity at the 
national level, independent of individual educational level and 
established risk factors. In order to reduce health disparities, 
diabetes and obesity prevention strategies need to consider 
individual as well as area-based risk factors [58]. For this, it will 
be necessary to identify the mechanisms underlying the individual 
and the area level deprivation components as well as their 
interactions. 

Author Contributions 

Conceived and designed the experiments: WM AM. Analyzed the data: 
WW I. Wrote the paper: WM. Critical review: CSN RH LK TL YD CH 
AM. Interpretation of data: CSN RH LK TL YD CH AM. Contribution 
to discussion: CSN RH LK TL YD CH AM. 



12. Muller G, Kluttig A, Greiscr KH, Moebus S, Slomiany U, et al. (2013) Regional 
and neighborhood disparities in the odds of type 2 diabetes: results from 5 
population-based studies in Germany (DIAB-CORE consortium). 
Am J Epidemiol 178: 221-230. 

13. Muller G, Hartwig S, Greiscr KH, Moebus S, Pundt N, ct al. (2013) Gender 
differences in the association of individual social class and neighbourhood 
unemployment rate with prevalent type 2 diabetes mellitus: a cross-sectional 
study from the DIAB-CORE consortium. BMJ open 3. 

14. Kroll LE, Lampert T (2012) Regionale Unterschiedc in dcr Gcsundheit am 
Beispiel von Adipositas und Diabetes mellitus. In: Robert Koch-Institut, editor. 
Daten und Fakten: Ergebnisse dcr Studie »Gcsundhcit in Dcutschland aktucll 
2010«. Bcitrage zur Gesundhcitsberiehterstattung des Bundcs. RKI, Berlin. Ch. 
5, pp. 51-59. 

15. Walker JJ, Livingstone SJ, Colhoun HM, Lindsay RS, McKnight JA, ct al. 
(2011) Effect of socioeconomic status on mortality among people with type 2 
diabetes: a study from the Scottish Diabetes Research Network Epidemiology 
Group. Diabetes Care 34: 1127-1 132. 

16. Larranaga I, ArteagoitiaJM, Rodriguez JL, Gonzalez F, Esnaola S, et al. (2005) 
Socio-economic inequalities in the prevalence of Type 2 diabetes, cardiovascular 
risk factors and chronic diabetic complications in the Basque Country, Spain. 
Diabet Med 22: 1047-1053. 

17. Bocquier A, Cortarcdona S, Nauleau S,Jardin M, Verger P (201 1) Prevalence of 
treated diabetes: Geographical variations at the small-area level and their 
association with area-level characteristics. A multilevel analysis in Southeastern 
France. Diabetes Metab 37: 39-46. 

18. Fuchs J, Busch M, Lange C, Scheidt-Nave C (2012) Prevalence and patterns of 
morbidity among adults in Germany. Results of the German telephone health 
interview survey German Health Update (GEDA) 2009. Bundesgcsundheitsblatt 
Gesundheitsforschung Gesundhcitssehutz 55: 576-586. 

19. Du Y, Hcidcmann C, GoRwald A, Schmich P, Scheidt-Nave C (2013) 
Prevalence and comorbidity of diabetes mellitus among non-institutionalized 
older adults in Germany - results of the national telephone health interview 
survey 'German Health Update (GEDA)' 2009. BMC Public Health 13: 166. 

20. Steppuhn H, Langcn U, Scheidt-Nave C, Kcil T (2013) Major comorbid 
conditions in asthma and association with asthma-related hospitalizations and 
emergency department admissions in adults: results from the German national 
health telephone interview survey (GEDA) 2010. BMC Pulm Med 13: 46. 



PLOS ONE | www.plosone.org 



10 



February 2014 | Volume 9 | Issue 2 | e89661 



21. Gablcr S, Hadcr S (2002) Idiosyncrasies in telephone sampling-thc ease of 
Germany. IntJ Public Opin R 14: 339-345. 

22. Oldendick RW, Bishop GF, Sorenson SB, Tuchfarber AJ (1988) A comparison 
of" the Kish and last birthday methods of respondent selection in telephone 
surveys. JOS 4: 307-318. 

23. AAPOR (2009) Standard Definitions: Final Dispositions of Case Codes and 
Outcome Rates for Surveys (Revised 2009). The American Association for 
Public Opinion Research. 

24. Robert Koch-Institut (ed) (2012) Datcn und Fakten: Ergcbnissc dcr Studie 
»Gesundhcit in Deutschland aktuell 2010«. Bcitrage zur Gcsundhcitsbcrichtcr- 
stattung des Bundes (pp. 173-184). RKI, Berlin. 

25. Robert Koch-Institut (ed) (2011) Daten und Fakten: Ergcbnissc dcr Studic 
»Gcsundhcit in Deutschland aktuell 2009«. Bcitrage zur Gcsundheitsberichtcr- 
stattung des Bundes (pp. 153-164). RKI, Berlin. 

26. American Diabetes Association (2013) Diagnosis and classification of diabetes 
mcllitus. Diabetes Care 36 Suppl 1: S67-74. 

27. WHO (World Health Organization) (2013) Obesity and overweight (Fact sheet 
N c 311). 

28. Lampert T, Mcnsink GB, Muters S (2012) [Physical and sporting activity among 
adults in Germany. Results from the "German Health Update 2009" survey] . 
Bundesgesundheitsblatt Gesundhcitsforschung Gcsundhcitsschutz 55: 102—110. 

29. Chang SA (2012) Smoking and type 2 diabetes mellitus. Diabetes Metab J 36: 
399-403. 

30. Hempler NF, Ekholm O, Willaing I (2013) Differences in social relations 
between persons with type 2 diabetes and the general population. Scand J Public 
Health 41: 340-343. 

3 1 . Noble M, Wright G, Smith G, Dibben C (2006) Measuring multiple deprivation 
at the small-area level. Environ Plann A 38: 169-185. 

32. Maier W, Fairburn J, Mielck A (2012) Regionale Deprivation und Mortalitat in 
Bayern. Entwicklung cincsjndcx Multipler Deprivation' auf Gcmcindcebcne. 
[Regional Deprivation and Mortality in Bavaria. Development of a Community- 
Based Index of Multiple Deprivation]. Gesundheitswesen 74: 416—425. 

33. Koller D, Hoffmann F, Maier W, Tholen K, Windt R, et al. (2013) Variation in 
antibiotic prescriptions: is area deprivation an explanation? Analysis of 1.2 
million children in Germany. Infection 41: 121-127. 

34. Schafer T, Pritzkuleit RJeszenszky C, Malzahn J, Maier W, et al. (2013) Trends 
and geographical variation of primary hip and knee joint replacement in 
Germany. Osteoarthritis Cartilage 21: 279-288. 

35. Merlo J, Chaix B, Ohlsson H, Beckman A, Johnell K, et al. (2006) A brief 
conceptual tutorial of multilevel analysis in social epidemiology: using measures 
of clustering in multilevel logistic regression to investigate contextual 
phenomena. J Epidemiol Community Health 60: 290—297. 

36. Krishnan S, Cozier YC, Rosenberg L, Palmer JR (2010) Socioeconomic status 
and incidence of type 2 diabetes: results from the Black Women's Health Study. 
Am J Epidemiol 171: 564-570. 

37. Tonstad S (2009) Cigarette smoking, smoking cessation, and diabetes. Diabetes 
Res Clin Pract 85: 4-13. 

38. Laraia BA, Karter AJ, Warton EM, Schillinger D, Moffet HH, et al. (2012) Place 
matters: neighborhood deprivation and cardiomctabolic risk factors in the 
Diabetes Study of Northern California (DISTANCE). Soc Sci Med 74: 1082- 
1090. 

39. Wild S, Macleod F, McKnight J, Watt G, Mackenzie C, et al. (2008) Impact of 
deprivation on cardiovascular risk factors in people with diabetes: an 
observational study. Diabet Med 25: 194-199. 



Area Level Deprivation, Type 2 Diabetes and Obesity 



40. Andersen AF, Carson C, Watt HC, Lawlor DA, Avlund K, et al. (2008) Life- 
course socio-economic position, area deprivation and Type 2 diabetes: findings 
from the British Women's Heart and Health Study. Diabet Med 25: 1462-1468. 

41. vanjaarsveld CH, Miles A, Wardlc J (2007) Pathways from deprivation to health 
differed between individual and neighborhood-based indices. J Clin Epidemiol 
60: 712-719. 

42. Diez Roux AV, Mair C (2010) Neighborhoods and health. Annals of the New 
York Academy of Sciences 1186: 125-145. 

43. Burgoinc T, Alvanides S, Lake AA (201 1) Assessing the obesogenic environment 
of North East England. Health Place 17: 738-747. 

44. Rothman RL, DeWalt DA, Malonc R, Bryant B, Shintani A, et al. (2004) 
Influence of patient literacy on the effectiveness of a primary care-based diabetes 
disease management program. JAMA 292: 1711-1716. 

45. Sobal J (1991) Obesity and socioeconomic status: a framework for examining 
relationships between physical and social variables. Med Anthropol 13: 231- 
247. 

46. Sobal J, Stunkard AJ (1989) Socioeconomic status and obesity: a review of the 
literature. Psychol Bull 105: 260-275. 

47. Kavanagh A, Bentley RJ, Turrell G, Shaw J, Dunstan D, et al. (2010) 
Socioeconomic position, gender, health behaviours and biomarkcrs of 
cardiovascular disease and diabetes. Soc Sci Med 71: 1150-1160. 

48. Tang M, Chen Y, Krewski D (2003) Gender-related differences in the 
association between socioeconomic status and self-reported diabetes. 
IntJ Epidemiol 32: 381-385. 

49. Fano V, Pezzotti P, Gnavi R, Bontcmpi K, Miceli M, et al. (2013) The role of 
socio-economic factors on prevalence and health outcomes of persons with 
diabetes in Rome, Italy. Eur J Public Health 23: 991-997. 

50. Matheson FI, Moineddin R, Glazier RH (2008) The weight of place: a multilevel 
analysis of gender, neighborhood material deprivation, and body mass index 
among Canadian adults. Soc Sci Med 66: 675-690. 

51. Hoffmann W, Terschuren C, Holle R, Kamtsiuris P, Bergmann M, et al. (2004) 
[The problem of response in epidemiologic studies in Germany (Part II)]. 
Gesundheitswesen 66: 482^191. 

52. Chaix B, Billaudeau N, Thomas F, Havard S, Evans D, et al. (2011) 
Neighborhood effects on health: correcting bias from neighborhood effects on 
participation. Epidemiology 22: 18-26. 

53. Rathmann W, Haastcrt B, Icks A, Lowel H, Meisinger C, et al. (2003) High 
prevalence of undiagnosed diabetes mellitus in Southern Germany: target 
populations for efficient screening. The KORA survey 2000. Diabetologia 46: 
182-189. 

54. Espelt A, Goday A, FranchJ, Borrell C (2012) Validity of self-reported diabetes 
in health interview surveys for measuring social inequalities in the prevalence of 
diabetes. J Epidemiol Community Health 66: el 5. 

55. Stommcl M, Schoenborn CA (2009) Accuracy and usefulness of BMI measures 
based on self-reported weight and height: findings from the NHANES & NHIS 
2001-2006. BMC Public Health 9: 421. 

56. Roskam AJ, Kunst AE (2008) The predictive value of different socio-economic 
indicators for overweight in nine European countries. Public Health Nutr 11: 
1256-1266. 

57. Schuurman N, Bell N, Dunn JR, Oliver L (2007) Deprivation indices, 
population health and geography: an evaluation of the spatial effectiveness of 
indices at multiple scales. J Urban Health 84: 591—603. 

58. Tompkins JW, Luginaah IN, Booth GL, Harris SB (2010) The geography of 
diabetes in London, Canada: the need for local level policy for prevention and 
management. IntJ Environ Res Public Health 7: 2407-2422. 



PLOS ONE | www.plosone.org 



11 



February 2014 | Volume 9 | Issue 2 | e89661 



